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Spectrochemical Analysis 


By A. E. RUEHLE 
Chemical Laboratories 


HEN a substance is heated 

to incandescence or excited 

electrically, each of the 
elements present emits light of wave- 
lengths which are characteristic of 
that element. By analyzing the light 
emitted with a spectrograph the 
nature and amount of the elements 
present can be found. Several thou- 
sand chemical determinations are 
made each year at the Laboratories by 
this method. It is an extremely sensi- 
tive method and will detect minute 
quantities of matter. 

A sample of the material to be ana- 
lyzed is heated to incandescence in the 
cup-shaped electrode of an electric 
arc whose light then takes on the 
character of the elements in the un- 
known substance. This light is split 
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by a quartz prism into a spectrum and 
recorded as lines on a photographic 
plate. The elements present in the 
sample are identified by comparing 
the positions of these lines with those 
of the known lines of the different 
elements. With a spectrograph of 
good dispersion, any metallic or 
metalloid element can be detected in a 
mixture.* Non-metals require special 
methods of excitation and the in- 
tensity of their spectra varies greatly 
with the nature of the mixture in 
which the element is found. 

The intensity of a spectral line de- 
pends on many factors besides the 
abundance of the element in the 
source, but the experienced spectro- 
scopist can make a fairly good esti- 

*Recorp, May, 1928, p. 289. 
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Fig. 1—(Above) Detection of mercury at the point of failure of zinc supports for aerial 
cables. (Below) Detection of minor components, magnesium, nickel and copper, in 
aluminum alloys 


mate of the amount of each element 
present. This serves as a convenient 
guide for a later quantitative deter- 
mination either by spectrochemical or 
ordinary methods. 

The identification of contact ma- 
terials is an excellent example of the 
technique of estimation. It permits 
finding of what materials a contact is 
made without removing the instru- 
ment from its mounting, without im- 
pairing the contact for further use, 
and without more than momentarily 
interrupting its service. The surface 
of the contact is rubbed with a small 
piece of pure abrasive paper, the 
paper is burned in a carbon arc and 
the resulting spectrum photographed. 
From the lines in this spectrum, which 
do not appear in that of the abrasive 
paper alone, the elements which com- 


pose the contact can be identified and 
their proportions estimated (Figure 2). 

The most direct method of quanti- 
tative analysis is to compare the 
spectrum of the sample with the 
spectra of prepared standards taken 
under the same conditions and on the 
same photographic plate (Figure 3). 
It is generally difficult to prepare a 
series of homogeneous solid standards 
for this purpose. A more practical 
method is to put the sample in solu- 
tion and to compare it with standard 
solutions of known concentration. 
Measured portions of each solution, 
dried on graphite electrodes, then 
serve as the test pieces for the analy- 
sis. This general method can be ap- 
plied directly to a large number of 
cases without appreciable modifica- 
tion. Difficulties arise only when one 
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Fig. 2—The elements in contact alloys can be identified without iii the contact 
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Fig. 3—Quantitative determination of tin in cable sheath 


or more components of the sample in 
question are not readily held in a 
reasonably concentrated solution. By 
this method the amount of an element 
present in the sample can be deter- 
mined to within about ten per cent. 
Much progress has been made in 
devising methods of avoiding the use 
of standard spectra on every plate for 
routine work. For example, a curve 
which shows the difference in density 
of an impurity line and that of a line 
of some invariant component of a 
mixture, as the amount of impurity 
changes, can be used as a reference 
standard to determine the amount of 
the impurity in an unknown mixture. 
Changes within reasonable limits in 
excitation conditions or photographic 
technique will change the density of 
both the impurity line and the 
reference line in the same direction 
and to the same degree. This is called 
the internal standard method. It gives 
the most precise results yet attained 
in spectrochemical analysis but to 
reach this precision it is necessary to 
calibrate the response of each pho- 
tographic plate for different intensi- 
ties of the spectral lines. This is con- 
veniently done by a step-sector as 
shown in Figure 4. By rotating the 
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sector in front of the slit, spectra are 
obtained with steps of different den- 
sity. Plotting from densitometer read- 
ings the density of each step of a line 
against the logarithm of the exposure, 
i.e. the logarithm of the angular aper- 
tures of the sector, gives a curve 
which shows how the density of a 
line changes with intensity for that 


Fig. 4—Step-sector which is rotated in front 

of the spectrograph slit during an exposure 

to determine the density-exposure character- 

istic of the photographic plate for light of 
different wavelengths 
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plate. Since the shape of the curve 
varies from plate to plate, the differ- 
ence in density of two lines will not 
be comparable unless corrected for 
this variation. By taking these fac- 
tors into account the precision of 
quantitative determinations has been 
more than doubled. 

Many times the spectrochemical 
method can be applied as a probe 
when two presumably identical ma- 
terials show unexpected differences in 
behavior. Nominally pure materials 
are never really pure and may intro- 
duce unsuspected impurities which 
vary with different lots of materials. 
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Fig. s—Typical absorption spectra. Ex- 

posures are made in pairs: one through the 

absorption medium and the other through a 

calibrated diaphragm. By making a series 

of pairs with different diaphragm openings 

lines can be matched in density as indicated 
by the dots 


The spectrograph shows differences in 
composition of the final product and 
thus often indicates the beneficial or 
detrimental effect of impurities. 

Most spectroscopic analyses are 
made with emission spectra, but 
absorption spectra can also be used. If 
light of all wavelengths passes through 
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a solution, the amount absorbed will 
not be the same for all the different 
wavelengths; the spectrum of the 
emergent light will contain bands of 
different intensities. The amount of 
selective absorption may be used as a 
measure of the concentration of the 
dissolved substance (Figure 5). Ad- 
vantage is taken of this phenomenon 


Fig. 6—Fluorescence spectra excited by 
mercury lines 


in the colorimeter and more specifi- 
cally in the spectrophotometer, which 
employ visual matching to determine 
the amount of absorption. In a similar 
manner the spectrograph and a suit- 
able photometer, used to measure the 
densities of the absorption spectra 
plates, find application for this type of 
analysis. Either visible or ultra-violet 
absorption bands can be used. 

Another method of analyzing cer- 
tain types of organic compounds is to 
measure the intensity of the fluores- 
cent bands characteristic of the com- 
pound in question (Figure 6). In this 
case ultra-violet light is used to excite 
the fluorescent bands and the in- 
tensity of the bands is compared with 
that of the same bands in standard 
solutions of the same compound. 

It is only in comparatively recent 
years that the spectrograph has come 
into widespread use for quantitative 
chemical analysis, but it has already 
proved itself a powerful tool, par- 
ticularly for quick estimates of com- 
position and where only minute quan- 
tities of material are available. 
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Suppressing Noise and Crosstalk on the 
Type-K Carrier System 


By A. J. AIKENS 


Noise Prevention 


ARLY considerations of cable 
K carrier showed that the mag- 

nitude of disturbing fields from 
outside sources tended to fall off 
rapidly with increasing frequency, and 
that the shielding effect of cable 
sheaths became more effective the 
higher the frequency. In fact, as far as 
the outside portion of a cable tele- 
phone plant is concerned, it was found 
to be practicable to operate high-fre- 
quency telephone circuits down to 
extremely low levels, levels so low that 
circuit noise would be close to thermal- 
agitation noise. This naturally led to a 
study of noise arising within the tele- 
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phone plant, and it was found as ex- 
pected that there is an appreciable 
amount of high-frequency noise pro- 
duced by relay operation, by charging 
and ringing generators, or as har- 
monics from d-c telegraph systems. 
The carrier circuits themselves are 
carefully shielded to prevent the 
direct induction of this noise, but 
there are roundabout paths by way of 
the voice-frequency pairs in the cable 
by which this noise could enter the 
carrier pairs if it were not effectively 
blocked. The crosstalk that occurs 
between carrier pairs within the cable 
is reduced by methods already de- 
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Fig. 1—The voice-frequency pairs of a cable would serve as feedback paths for crosstalk 
if the same cable were always used for the same set of pairs 
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scribed,* but these steps alone are not 
sufficient to block paths over which 
the noise enters. These and similar 
paths also serve as paths for certain 
types of crosstalk, and the remedial 
measures must consider both types of 
disturbances. 

There are two ways in which cur- 
rents can flow over a pair of wires: 
over a “metallic” circuit or over a 
“longitudinal” circuit. The former is 
the usual path followed by the signal: 
the current passes down one wire of 
the pair to the end of the circuit and 
back over the other wire. Longitudinal 
currents, on the other hand, flow over 
both conductors of a pair in one direc- 
tion, and through the ground, cable 
sheath, or other low-impedance paths 
in the return direction. In any ordi- 
nary cable there is a coupling between 
these two paths largely because the 
capacitances between the two wires 


*Recorp, February, 1939, pp. 185 and 191. 


of a pair and the sheath and other 
conductors are not the same. Because 
of this imperfectly balanced condition, 
current flowing over a metallic circuit 
will induce a current over the longi- 
tudinal circuit; and similarly currents 
in a longitudinal circuit will induce 
currents in the metallic circuits. More- 
over there is a close coupling between 
all the longitudinal circuits of a cable. 
As a result current in one metallic 
circuit can induce current in another 
metallic circuit by passing inter- 
mediately through one or more longi- 
tudinal circuits. 

A form of crosstalk that might arise 
at repeater stations due to coupling 
of these types is indicated in Figure 1. 
For the type-K system a separate 
cable is ordinarily used for each direc- 
tion of transmission, so that two 
cables are shown. Consider now pair I 
west-to-east. At the output of the 
west-east amplifier, the amplified sig- 
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Fig. 2—At main repeater stations the dire 


ct feedback path for crosstalk is absent, but 


more roundabout paths still exist, and in addition there are sources of noise 
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nal voltage may be designated E,,, and 
it is at a high level because of the 
amplification. This £,, will induce a 
longitudinal voltage in pair 1, which 
in turn will induce longitudinal volt- 
ages in all the other pairs of cable a 
east. This longitudinal voltage may 
be designated £’,, and it will be 
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cable from the west are cross-con- 
nected after amplification to the pg 
cable east. The westbound pairs in 
the a cable are similarly transferred 
to the B cable west after amplifica- 
tion. Under these conditions, 5, 
induces longitudinal current in the 
voice-frequency pairs of the B cable, 
and these — passing 
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. west- induce metallic 
Gi 140 circuit voltages in the 
westbound carrier 
150 . . 
i pairs. The signal volt- 
ages in these pairs, 
however, are at a high 
level because of their 
— lifi ti h 

amplification at the re- 
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Fig. 3—Effect on crosstalk of the installation of longitudinal 
retardation coils in the voice-frequency quads 


propagated in both directions over 
the pairs of cable a. That passing 
westward over voice-frequency pairs 
will, after reaching the west section of 
the cable, induce longitudinal voltages 
in the carrier pairs of this “west” 
section of the cable, and because of 
the relatively close coupling, these 
voltages will be almost as great as 
those in the voice-frequency pairs. 
These, in turn, will induce metallic- 
circuit voltage in the same pairs, and 
although this latter voltage will be 
considerably lower than the longi- 
tudinal voltage, it may be compara- 
tively high, relative to the signal 
voltages in these pairs which at this 
point have been attenuated by a sec- 
tion of the cable. These voltages, 
such as in pair 2, will appear as cross- 
talk, and may be at a level above the 
maximum permissible. 

This condition is avoided by “frog- 
ging”’ the carrier pairs at each repeater 
station as shown in Figure 2. The 
east-bound pairs coming in over the a 
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peater station, and are 
thus enough greater 
than the induced cross- 
talk currents to make 
the latter negligible. 

At auxiliary repeater stations, the 
voice-frequency circuits are cut 
straight through, without repeaters or 
other equipment, so that the frogging 
is very effective. At main repeater 
stations, on the other hand, the effec- 
tiveness of the frogging is minimized 
by the presence of circuit paths 
through voice-frequency equipment as 
indicated by Figure 2. In this case 
both noise and crosstalk might as- 
sume serious magnitudes if pre- 
ventive steps were not taken. 

Noise from the voice-frequency ap- 
paratus, for example, is readily picked 
up longitudinally by the voice-fre- 
quency circuits; the resulting longi- 
tudinal voltage in the a cable west, 
for example, may be represented by 
v,- This, in turn, will induce metallic 
noise currents in the carrier pairs of 
the west cable; and since the signal 
currents at this point are at a low 
level, because of the attenuation of 
the preceding section, the noise cur- 
rents may be at a relatively high level. 
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Crosstalk paths also exist. The out- 
put signal voltage E,, for example, 
induces longitudinal potentials in the 
voice-frequency pairs of the B cable 
east, and these are transmitted back 
to the office where through coupling 
in the station wiring—represented 
by Cgr-.ae— they produce longitudinal 
voltages in the voice-frequency pairs 
of the a cable east. These potentials 
are transferred through coupling in 
the cable to the carrier pairs, where, 
in turn, they induce metallic-circuit 
potentials that are high relative to 
the signal potentials, which have 
just been attenuated by a section of 
cable. A somewhat similar crosstalk 
path occurs between pairs 1 and 2 
west-to-east, since the longitudinal 
crosstalk potentials induced in the 
B cable east pass through the office 
wiring to the voice-frequency pairs 
of the A cable west, where they induce 
metallic-circuit potential in the car- 
rier pairs. 

The noise and crosstalk resulting 
from these longitudinal potentials in 
the voice-frequency pairs are re- 
duced to permissible values by in- 
serting longitudinal retardation coils, 
shown dotted, in the voice-frequency 
pairs of the a cable. One of these 
coils, each of which consists of four 
windings on a common core, is pro- 


vided for each quad. The windings 


are so poled as to have high longi- 
tudinal impedance at carrier fre- 
quencies but low loss to the voice- 
frequency metallic circuits. They are 
mounted in cases similar to those used 
for loading coils, and are usually 
placed in the cable vaults at the re- 
peater stations. Their effect is indi- 
cated by Figure 3, which shows some 
measured values of crosstalk at a 
main repeater station before and 
after installation. 

Another form of crosstalk that must 
be considered at repeater stations 
arises from the d-c by-pass sets used 
for shunting the testing, pilot wire, 
and alarm currents around certain of 
the repeaters. The crosstalk path is 
indicated in Figure 4. The signal po- 
tential £,, at the output of the ampli- 
fier in pair 2, for example, induces 
longitudinal potential in its con- 
ductors and thence in the other con- 
ductors, such as pair 1. If the by-pass 
set were not grounded and designed to 
give longitudinal loss, this longitudinal 
voltage would be readily transmitted 
back, through the by-pass set to the 
input side of the repeater of pair 1, and 
become a metallic potential, resulting 
in crosstalk. Here, also, because the 
crosstalk enters pair I where the 
signal potential over that pair has 
been attenuated by a section of cable, 
the crosstalk may be of objectionable 
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Fig. 4—D-c by-pass sets at repeaters could provide a feedback path for crosstalk much 
as do the voice-frequency circuits 
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magnitude. Crosstalk paths of this 
type have been effectively blocked by 
grounding the midpoint of the con- 
densers of the by-pass set, as shown 
in the illustration by the dotted line, 
thereby greatly increasing the atten- 
uation of this longitudinal path. 

A somewhat similar path exists at 
each twist amplifier. The feedback cir- 
cuits of these repeaters are connected 
to the output of the amplifier in such 
a way that longitudinal potentials are 
readily transmitted back through 
them. The situation, indicated in 
Figure 5, is analogous to that of 
Figure 4, and the remedy is to ground 
the midpoint of a resistance in the 
feedback circuit as shown by the 
dotted line. 

Static, or atmospheric, disturb- 
ances are always a possible source of 
noise for telephone circuits, but where 
the cable sheath is continuous, noise 
of this type is normally kept within 
acceptable values by the shielding 
effect of the sheath. Frequently, how- 
ever, open-wire lines will be tapped 
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into cables, and since such lines 
readily pick up longitudinal atmos. 
pheric disturbances, they would be 
sources of objectionable noise if pro- 
tective measures were not taken. The 
remedy in this case is a noise filter 
inserted in the open-wire lines just 
before they enter the cable. 

The effectiveness of the sheath in 
shielding the conductors from in- 
duced atmospheric noise depends on 
the sheath’s being continuous. It is 
sometimes necessary to break the con- 
tinuity of a sheath with an insulating 
joint to block direct currents for the 
prevention of electrolysis. With such 
a break in the sheath, atmospheric 
disturbances may induce longitudinal 
noise currents in the conductors of the 
cable, and these in turn will induce 
metallic-circuit currents, producing 
undesirable noise in the circuit. With 
a continuous sheath, the atmospheric 
disturbances induce current in the 
cable sheath directly; and this current 
shields the conductors within the 
sheath, because it completely sur- 
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Fig. s—At twist amplifiers a crosstalk path exists through the feedback circuit of the 
amplifier and the remedy is to ground the midpoint of the resistance R 
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rounds them. When the sheath is 
broken this sheath current is forced 
to leave its direct path and to flow to 
ground over the sheath-to-ground 
admittance, as indicated in Figure 6. 
Under these conditions, the shielding 
action is impaired, and as a result a 
longitudinal current will be induced 
in the cable pairs, and this in turn 
will induce metallic-circuit noise cur- 
rents. This is avoided by bridging the 
insulating points with properly de- 
signed condensers. The impedance of 
these condensers at the top carrier 
frequency must not be more than 
about 0.1 ohm; an impedance of 1.0 
ohm would increase the noise by 
about 20 db. Since the impedance of a 
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loop of wire two feet square is around 
one ohm at 60 kc, the condenser must 
be connected to the sheath by very 
short and carefully arranged leads. 

These are only some of the major 
steps that have been taken to reduce 
noise on the type-K carrier circuits. 
In addition, the carrier facilities 
within an office are carefully shielded 
and segregated from all other facili- 
ties; and the wiring and layout of all 
amplifiers, modulators and other cir- 
cuit elements must be made insensi- 
tive to noise and crosstalk fields. Bat- 
tery supply circuits must also be 
carefully arranged since they are 
common to all the circuits in an 
office and might be a cause of trouble. 
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Fig. 6—An insulating joint in a cable sheath results in a 
longitudinal noise current because of the diverted path the 
sheath current must follow 


OLDED plastics have so 

many properties valuable in 

telephone apparatus that 
their use has been increasing rapidly. 
They conform readily to intricate 
shapes; they take a smooth surface, 
often without polishing, and retain it 
well; and they can be made in a 
variety of colors where esthetic ap- 
peal is a factor. 

Among the plastics available are 
hard rubber, cellulose acetate, shellac- 
mica, and phenol derivatives. Some 
are thermo-plastic and will soften 
with heat; others are thermo-setting 
and after molding will remain hard 
even up to the temperature of decom- 
position. Each material is available in 
several different grades, all of them 
with widely different characteristics. 

First-hand information has been ob- 
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Molded 
Telephone Apparatus 


Design 


By T. S. HUXHAM 
Insulating Materials Development 


tained within the last few years by 
the Materials group on the important 
characteristics of molded materials, on 
apparatus design principles consistent 
with these characteristics, and on pro- 
duction methods. These fields are so 
closely related that they must be 
studied together. Laboratory tests 
have been correlated with field ex- 
perience and developments in funda- 
mental design have been incorporated 
in specific applications. 

The factors which affect a molded 
design may be conveniently classified 
as engineering and manufacturing 
requirements. One of the most im- 
portant and severe of engineering de- 
mands is that equipment shall oper- 
ate satisfactorily during a life of from 
fifteen to twenty years with little or 
no maintenance. The equipment on 
subscribers’ premises or in_ public 
pay stations must withstand not only 
a variety of widely different climatic 
conditions, but also hard use at the 
hands of a public unfamiliar with and 
in some cases unmindful of its sensi- 
tivity. The dimensional requirements 
of new designs are often fixed by the 
necessity of assembly with existing 
equipment. Central-office apparatus 
is subject to space limitation to 
facilitate the interconnection of a 
large number of subscribers’ lines. 
Often added to these are a combina- 
tion of operating requirements which 
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further complicate the selection of a de- 
sign for molded telephone equipment. 

Manufacturing requirements in- 
volve a number of factors, including 
the reliability of sources, the uni- 
formity of quality, the cost of molds 
and accessory equipment, the feasi- 
bility of attaining specified tolerances, 
and the complexity of molding and 
finishing operations. 

In considering the mechanical prop- 
erties of molded materials the de- 
signer must not overlook fragility. 
The strongest of the commercially 
available plastics are about as strong 
in impact resistance as maple wood. 
Consequently, in relatively large 
moldings which carry several pounds 
of assembled apparatus, resistance to 
impact becomes a serious problem. 
By designing for proper distribution 
of impact stresses, however, breakage 
may be minimized. An illustration of 
this is in a molded design for the 
housing of the “‘combined”’ handset 
mounting. Most of the apparatus is 
mounted on a punched steel plate 
which in an early de- 
sign was intended to 
seat on a continuous 
ledge inside the open 
end of the housing with 
a molded rim entirely 
surrounding it. When 
a set of this design was 
tested by dropping 30 
inches to a wooden floor, 
the strongest available 
phenol plastic molding 
was broken. By a re- 
design, impact stresses 
were concentrated at 
less vulnerable loca- 
tions; then a molding 
material of about one- 
eighth the impact 
strength formerly used 
withstood an indefinite 
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number of drops without failure. This 
change made the use of a plastic ma- 
terial practicable. 

Molded materials are generally 
poor in frictional wear resistance and 
products of wear sometimes injure 
electrical contacts by causing high 
contact resistance. The use of metal 
or hard rubber inserts or assembled 
parts which provide dissimilar ma- 
terials for wearing surfaces are often 
helpful in such cases. Electrical con- 
tacts should be as far removed as 
possible from surfaces that are to 
suffer mechanical wear. 

In subscribers’ apparatus, such as 
the handset, appearance is important 
and involves several elements includ- 
ing shape, color, and finish as well as 
problems of sound transmission, 


weight, strength and manufacture. 
The addition of pigments to obtain 
light colors usually affects the strength 
and density of the materials and ex- 
posure to sunlight rapidly darkens 
many light-colored plastics. Some 
molded parts have the mold parting 


Fig. 1—Several handset handles are molded simultaneously 
in a hydraulic press 
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line in a position perpendicular to the 
direction of pressure and form so- 
called “horizontal” fin lines which 
introduce another appearance prob- 
lem. The handset handle, which is 
molded as shown in Figure 1, has 
such a fin line and required careful 
grinding and buffing of a large area 
to produce the necessary surface 
smoothness. The development of an 
ingenious method of removing the 
fin automatically by machining a 
groove at the fin line is an outstanding 
improvement from the standpoints of 
both appearance and economy. In- 
volved with appearance, although not 
strictly related to it, is heat conduc- 
tivity. In apparatus such as the hand- 
set, which comes in contact with the 
face and hands, the use of exterior 
metal parts or other materials which 
conduct heat rapidly and feel cold is 
not generally favored. 

Although many plastics were origi- 
nally developed as electrical insulat- 
ing materials, they are much more 
generally employed now because they 
provide an economical method of 
manufacturing irregularly shaped as- 
semblies completely finished. How- 
ever, in telephone apparatus certain 
dielectric properties of plastics are of 
importance to the designer and insu- 
lation resistance is of great interest in 
parts which carry closely spaced con- 


ductors. Arc resistance also requires 
the attention of the designer in certain 
types of apparatus. Some materials 
will continue to conduct over their 
surfaces after the original arc breaks, 
Others such as hard rubber and 
cellulose acetate do not form a con- 
ducting surface when burned by 
moderate arcing. An interesting ex- 
ample is the successful use of cellulose 
acetate molded compositely with phe- 
nol plastic so as to form an arc re- 
sistant front face for a test strip with 
two hundred inserts. The use of a 
thermo-setting material for the basic 
structure is mandatory to withstand 
the temperature rise resulting from 
extensive soldering operations re- 
quired on the terminals. 

Thermal and climatic effects re- 
quire considerable attention in de- 
sign of molded apparatus because 
practically every organic plastic is 
adversely affected to some extent by 
variations of these conditions. Most 
thermo-plastics ‘‘cold flow,” some 
excessively at summer temperatures. 
Obviously this results in distortion 
which might loosen screws or other 
parts which stress the material. When 
operating temperatures do not exceed 
120 degrees Fahrenheit the problem 
may frequently be solved by rein- 
forcement or by other means of re- 
lieving or distributing the stress. 
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Fig. 2—Breakage of molded telephone apparatus increases during the winter months 
when humidity is low 
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Humidity has a disturbing 
influence upon the mechanical 
characteristics of many plastics 
and field experience with tele- 
phone apparatus has clearly in- 
dicated that impact resistance 
decreases with decrease of hu- 
midity. This is demonstrated 
in records of breakage over 
long periods, which show a 
substantial increase in failures 
of molded phenol-plastic parts 
located indoors during the 
winter months when the hu- 
midity is extremely low due to 
artificial heating. The break- 
age of such parts is plotted in 
Figure 2, where it will be 
noted that the strength of 
phenol plastics is restored by 
an increase of humidity. Cer- 
tain cellulose acetate plastics 
on the other hand are subject 
to permanent shrinking and 
warping, when exposed to 
alternate humidifying and drying. 
This appears to be caused by the loss 
of a constituent which is volatilized 
with the moisture during the drying 
stage. The smoothness of molded 
phenol plastic surfaces is generally 
more difficult to preserve in humid 
atmospheres when materials of higher 
impact resistance are employed. Use 
of a cellulose filler with long wick- 
like fibers to improve impact resist- 
ance may allow moisture to be more 
readily drawn into the material with 
consequent roughening of the surface 
finish caused by the moisture swelling 
the fibers. Subsequent drying does 
not restore the original smoothness 
of the molded surface. 

To accumulate first-hand informa- 
tion on the characteristics of molded 
plastics, suitable molds and molding 
equipment for preparing test pieces 
have been provided. In addition a 


a large 
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Fig. 3—A mold with step-like pistons is used where 


number of test pieces of the type shown are 
required for experimental purposes 


variety of molds for preparing round 
and rectangular blocks is required to 
supply material which may be subse- 
quently machined into working models 
of proposed apparatus parts. Often 
by preparing simple modifications of 
standard molds it is possible to form 
in the molding operation designs 
which are subsequently completed by 
machining. 

For tests of impact and transverse 
strength, cold flow, insulation re- 
sistance, and certain other determi- 
nations of materials, standard test 
bar samples can be employed. When 
one type of specimen is used for a vari- 
ety of test purposes a large number 
of pieces are required and they must 
be molded to conform to the widely 
varied characteristics of the materials. 
A mold which satisfactorily fulfills 
these requirements for most plastics 
has been designed in a step-like form 
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of upper and lower pistons which 
operate in a rectangular box having 
wedges on one side and end. This 
gives a five-impression mold with a 
single cavity as shown in Figure 3. 
Opening of the mold is facilitated by 


first loosening the two wedges. 


Fig. 4—Transmitter and receiver caps and certain test 
specimens are made in round molds with special pistons 


For testing the surface finish of 
molded materials a specimen of rather 
unusual shape has been designed 
which provides curved and flat sur- 
faces as well as thick and thin sec- 
tions. The variation of surfaces and 
section thicknesses which sometimes 
occurs in a single molded part, such 
as a handset handle, has suggested 
this type of specimen for appearance 
tests. For a large variety of electrical 
measurements a_ six-inch-diameter 
disc of variable thickness is employed 
according to the requirements. 

Several molds for producing round 
parts with boxes which have varying 
amounts of filling space are shown in 
Figure 4. Frequently one or more 
special pistons are used with these 
molds to prepare partially molded 
designs which occasionally carry in- 
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serts and which may be subsequently 
machined. Several of these special 
pistons together with some of the 
resulting molded parts are shown. 
This system of actual molding of 
questionable features of design is not 
only economical but of great value 
because it permits a 
variety of materials to 
be studied in a specific 
application and dem- 
onstrates the feasibility 
of novel features of 
design whether from an 
engineering or manu- 
facturing standpoint. 

Certain molded 
parts for telephone ap- 
paratus, intended for 
manufacture either in 
large numbers or with 
exacting requirements, 
justify the construc- 
tion of experimental 
molds to produce com- 
pletely molded work- 
ing models of the pro- 
posed design. These can also be used 
for trial installations. In such cases 
the molds are usually made to permit 
molding several proposed modifica- 
tions and thus give the maximum 
flexibility in molding methods and 
material selection. One of these molds 
is illustrated in the photograph that 
is shown on page 212. 

All of this work, however, is merely 
indicative of a fund of information 
which during the last ten years has 
been gathered in a coérdinated in- 
vestigation of molded materials. It 
was part of a program to accumulate 
pertinent information through a group 
of engineers and from that source 
to supply information for the use of 
designers. The wisdom of the policy is 
attested by the service history of the 
molded parts in the telephone plant. 
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AT AN EVENING MEETING held during the 
winter convention of the American Institute of 
Electrical Engineers, the John Fritz Medal was 
presented to Frank Baldwin Jewett for “vision 
and leadership in science and for notable achieve- 
ment in the furtherance of industrial research 
and development in communications.” Dr. Karl 
T. Compton, in his presentation address covering 
the qualifications of the medalist, said in part: 
“Among politicians there are few real statesmen, 
among the aristocracy few true noblemen, 
among the masses of men few leaders. Ever since 
I have known Frank Baldwin Jewett I have 
thought of him as one of that very small group 
who are the leaders, statesmen, and noblemen 
of science. . . . 

“Frank Jewett has been the leader in building 
up a great technical and research organization. 
He has been a statesman in his effective partici- 
pation in the councils of science, engineering and 
industry to make them of the greatest possible 
benefit to humanity. And he has been so un- 
failingly loyal and helpful to his host of friends 
and colleagues—never counting the cost to 
himself but considering only their best interests— 
that these friends will assuredly join with me in 
dubbing him a nobleman... . 

“The marvelous development of the art of 
electrical communications within our lifetime is 
in its major part the product of Dr. Jewett’s 
work, planning and supervision, aided and imple- 
mented by his remarkably able and loyal army 
of colleagues in laboratory and office. After the 
loading coil came the vacuum-tube amplifier 
and its uses in telephony, wireless and. radio. 
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Dr. JEWETT RECEIVES THE JouNn Fritz MEDAL 


These made possible the transcontinental tele- 
phone lines. Permalloy enormously improved 
the submarine cable lines. Carrier waves enor- 
mously increased the carrying capacity of 
existing lines. Transoceanic telephone com- 
munication by radio was established in 1927. 
The automatic dial system was developed and 
introduced without confusion. Radio telephony, 
wire to wireless broadcasting, sound accompani- 
ment to motion pictures, wire and wireless trans- 
mission of pictures, teletypewriter are all new 
products in wide use, while television and 
radically new types of transmission lines are 
among the current developments. Every one of 
these has, in turn, involved literally thousands of 
investigations systematically planned for years 
in advance of a product perfect enough to meet 
the requirements of public use. 

“It seems to me that three features uniquely 
characterize this story of development of an un- 
equalled public service. Firstly, there has been 
unswerving adherence to the primary subject of 
electrical communication of information, whether 
by dot and dash, by word, or by picture. Sec- 
ondly, there has been steady devotion to the 
ideal of giving the very best possible service to 
the public and sparing no efforts to improve this 
service. Thirdly is a peculiar characteristic of the 
telephone business: the tremendous emphasis 
on automatic switching, multiple messages over 
wires, and the like, which alone prevented the 
costs of universal interconnection from soaring 
as the number of subscribers has increased. . . . 

“T have not spoken, on the more personal side, 
of the multitude of friends and colleagues whom 
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he has helped by advice and example. Many of 
you have had experiences similar to my own. I 
have gone to him in perplexity over some per- 
sonal problem and come away with clarified 


vision and courage. It is for this reason that 1 am 
especially grateful to have had this opportunity . 


to say these words about my friend and colleague, 
Frank Baldwin Jewett—leader, statesman and 
nobleman of science.” 

In his acceptance address, Dr. Jewett said: 

“In accepting this Medal—symbol of the most 
distinguished honor which the entire engineering 
profession of the United States can bestow on one 
of the profession—I find myself in a whirlpool of 
conflicting emotions. 

“On the one hand is a sense of humility which 
verges on a fear that I am an impostor accepting 
for myself something, the major part of which 
belongs to others—my associates present and 
past. This is not a new feeling nor is this public 
confession of it the first I have made. I have been 
the recipient of many honors and at other times 
and in other places when they have come to me I 
have acknowledged my debt to my associates. 
The feeling was never stronger than it is on this 
occasion’ because the honor is the greatest I 
have ever received from my fellow scientists 
and engineers. 

“In the mood of this feeling of humility I can 
only say that no one knows better than I do the 
degree to which success in modern engineering is 
the result of codperative effort and one in which 
the dice of individual credit are frequently 
loaded somewhat by chance. If it were physically 
possible and could be done without offense to 
those who have made the award, I think I would 
cut this medal up into many parts, each one a 
tiny replica of the original, and distribute them 
to a host of associates, each separate replica 
wrapped up in a particular personal expression 
of my appreciation for assistance given... . 

“We who have followed the Bell System pio- 
neers and who have used and improved the tools 
they created know that great technical achieve- 
ments which have not been duplicated or ap- 
proached elsewhere have resulted. We know that 
this is because of a unique philosophy and set-up 
and not because of any extraordinary prescience 
on our part. My own work has been mainly in 
the technical sector where the barriers of distance 
have been annihilated so far as speech is con- 
cerned and where here in America as nowhere 
else is the goal of an ideal telephone service 
within sight. | am proud to have had a part in 
the work. 

“But my admiration goes much further, for I 
have seen the influence of that wisdom exerted 
on men and women to develop in hundreds of 
thousands of them an ideal of public service in 
which elements of self-interest and mere money 
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grubbing play no dominant part. It is an ideal 
which makes no hypocritical disclaimer of a 
proper profit motive as a necessity in the attain. 
ment of an ideal service. .. . 

“In a manner of speaking industrial research 
in its modern sense has come into being in my 
active lifetime. It was a hard job to get the load 
started and wagons up the first long hill—in 
fact to find enough horses to pull them over the 
rutty road. Now, however, with a smooth high- 
way leading apparently downhill into the 
promised land, there is some danger that the 
horses may get run over if the drivers are careless 
or the brakes fail... . 

“TI hope I have added something to the pile of 
worth-while things and that I may add more. 
Whether or not this hope is justified, I do know 
that in many respects the world of tomorrow 
which my boys are entering is a much better 
world than mine was and with more to challenge 
and excite. Even in the field of science and engi- 
neering, while we are leaving them a mass of 
troubles, we are likewise leaving them an im- 
proved kit box of tools with which to cope 
with them. 

“In conclusion, I can only thank you for the 
honor you have done me and through me the 
associates in many fields for whom I stand as a 
symbol. I gladly accept the John Fritz Medal for 
myself and as a trustee.” 


Wave-GuIpE RapIAToRS AND 
ELECTROMAGNETIC Horns 


AT A MEETING of the Institute of Radio Engi- 
neers held in New York on February 1, G. C. 
Southworth, assisted by A. P. King, demon- 
strated how horns are useful in directing radio 
waves just as they are for sound waves. Using a 
wave only 10 cm. long, Dr. Southworth demon- 
strated the effect of radiation on the resonance 
properties of a cavity and followed this by a 
discussion of the factors that affect directivity 
in an ordinary antenna array. He then showed 
how an array of orifices in a wave guide was 
analogous to an ordinary antenna array. An 
electromagnetic horn is a special form of orifice 
and he demonstrated horns of a wide variety of 
sizes and proportions. 


A.L.E.E. Winter ConveNTION 


SEVERAL PAPERS were presented before various 
sessions of the recent winter convention of the 
A.LE.E. held in New York from January 23 to 
27 by members of the Laboratories. At technical 
sessions the following papers were presented: 
Cold-Cathode Gas-Filled Tubes as Circuit Ele- 
ments by S. B. Ingram; Copper-Oxide Modulators 
in Carrier Telephone Systems by R. S. Caruthers; 
A Twelve-Channel Carrier System for Open-Wire 
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Lines by B. W. Kendall 
and H. A. Affel; Crossbar 
Dial Telephone Switching 
System by F. J. Scudder 
and J. N. Reynolds; and 
Inductive Coérdination 
with Series Sodium High- 
way Lighting Circuits by 
P. W. Blye of the Lab- 
oratories and H. E. Kent 
of the Edison Electric In- 
stitute. In a conference 
on Sound devoted to re- 
cent developments in 
sound measurements and 
noise problems, R. G. 
McCurdy discussed re- 
cent European progress 
on standardization of 
sound measuring tech- 
nique. In another confer- 
ence on communication 
networks, E. B. Payne 
spoke on Linear Phase- 
Shift High-Pass Filter 
Used in the One-Mega- 
cycle Television System. S. A. Schelkunoff and J. 
D. Tebo took part in a conference on definitions. 


LAWRENCE SPERRY AWARD PRESENTED 
ro R. C. NEwHousE 


AT THE HONORS NIGHT DINNER of the Institute 
of the Aeronautical Sciences, held in New York 
on January 27, the Lawrence Sperry Award for 
1938 was presented to R. C. Newhouse of the 
Radio Development Department for “the de- 
velopment and first practical application of the 
terrain-clearance indicator.” The presentation 
was made by Elmer A. Sperry, Jr., president 
of the Sperry Gyroscope Company and one of 
the donors of the Award; and Mr. Newhouse 
was introduced by Lloyd Espenschied. 

A technical paper entitled 4 Terrain-Clearance 
Indicator, with Mr. Espenschied and Mr. New- 
house as co-authors, was presented by Mr. 
Espenschied before the Chicago meeting of the 
Institute last November and by Mr. Newhouse 
before the annual meeting of the American 
Society of Photogrammetry in Washington dur- 
ing January. 


CoLLoQuIUM 


Harvey FLetcHER gave a demonstration 
lecture on Auditory Patterns at the February 7 
meeting of the Colloquium at which President 
Gifford of A. T. and T. and other executives of 
that Company, the Western Electric and nearby 
associated companies were guests. Dr. Fletcher in 
his lecture showed how loudness as experienced 
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G. C. Southworth and A. P. King demonstrating wave-guide radia- 
tion and electromagnetic horns before the I.R.E. in New York 


by a typical listener could be given a quantitative 
interpretation, and how it could be related to the 
intensity and frequency of the sound being heard. 
Critical experiments were illustrated by acous- 
tical demonstrations to show how such a quanti- 
tative scale of loudness was formulated and how 
it was possible to determine the position in the 
inner ear which is stimulated most by tones at 
different pitches. From the relationship between 
the intensity of the tone and the loudness, and 
also from the relationship between the frequency 
and the position in the inner ear, it is possible 
to calculate completely what is called the 
auditory pattern of stimulation. These auditory 
patterns show the amount of stimulation at each 
position along the nerve endings in the inner ear. 

At the January 23 meeting, Dr. Charles O. 
Hardy of the Brookings Institution, Washington, 
spoke on Research and Invention with Respect to 
Our Present Economic Status. 


STANDARDS ON ELECTROACOUSTICS AND 
Rapio RECEIVERS 


Tue Instirute or Rapio ENGINEERS has 
recently published the 1938 editions of Standards 
on Electroacoustics and Standards on Radio 
Receivers. These reports diverge from past prac- 
tice in that each is restricted to its specific field 
and is a revision of the corresponding portions 
of the 1933 report. 

Standards on Electroacoustics covers definitions 
of terms, graphical symbols and methods of 
testing loudspeakers. The part on testing out- 


[iii] 


lines the apparatus which is now used for testing 
loudspeakers together with the procedure for ob- 
taining the important characteristics which depict 
the performance of a loudspeaker. The charac- 
teristics covered include response vs. frequency, 
directional, impedance vs. frequency, distortion 
vs. frequency, and efficiency vs. frequency. 

Standards on Radio Receivers covers definitions 
of terms, graphical symbols and methods of 
testing broadcast radio receivers. Present-day 
radio receivers vary so greatly in their manner 
of operation that it is difficult to set down a single 
test procedure for each fundamental charac- 
teristic and have the procedure include all the 
allowances that should be made for the peculiari- 
ties of different sets. The report describes in 
general the test assemblies and adjustments of 
input and output, the operating conditions and 
the radio-receiver adjustments as applied to any 
type of receiver. Then recommended procedures 
for measuring sensitivity, selectivity, fidelity and 
other characteristics are outlined. 

W. Wilson and J. C. Schelleng were members 
of the I.R.E. Standards Committee which was 
responsible for these two reports. J. T. L. Brown 
was a member of the Technical Committee on 
Electroacoustics and H. B. Fischer a member of 
the Technical Committee on Radio Receivers. 


EpucaTIONAL ACTIVITIES 


As A RESULT of the popularity of a new course 
consisting of a series of eight lectures on Trends 
in Transmission Systems, enrollment for the 
spring term of the Out-of-Hour Courses rose to 
975 as compared with 879 for last autumn. 
The seating capacity of the remodeled auditorium 
was just sufficient to provide for those who 
registered in this course. The lectures of this 
series were scheduled as follows: 


Date Title Speaker 
Feb. 1 General H. A. Affel 
Feb. 8 Type-J and Type-K 

Systems C. W. Green 
Feb. 15 Carrier Equipment H. H. Lowry 
Mar. 1 Noise and Crosstalk 

Problems R. G. McCurdy 
Mar. 8 Coaxial Systems M. E. Strieby 
Mar. 15 Radio-Telephone Systems R. K. Potter 
Mar. 22 Wave Guides G. C. Southworth 
Mar. 29 Television H. E. Ives 


In addition, the two-term courses continued 
from the fall term and two one-term courses 
given in the past were announced for the spring 
term. The latter two are Practice in Shorthand 
Dictation taught by Miss M. C. Brainard and 
First Aid—Standard Course taught by E. Alisch 
and W. W. Schormann. 

The enrollment in the part-time post-graduate 
study plan for the spring term is thirty-one: 
twenty-nine at Columbia University, one at New 
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York University, and one at Stevens Institute 
of Technology. 


VisiroRs TO THE LABORATORIES 


AMONG THE ENGINEERS and research workers 
who visited the Laboratories during January 
were C. McHenry, Chief Engineer’s Branch of 
the Postmaster General’s Department, Mel- 
bourne, Australia; Sir Richard Gregory, Editor 
of Nature, England; Dr. D. H. Black and A. M. 
Laird, Standard Telephone and Cables, Ltd., 
London; Professor M. Oliphant, Department of 
Physics, Birmingham (England) University; 
E. C. Stoner, Chief Engineer, Peru Telephone 
Company, Peru; Dr. W. Galloy, in charge of 
plastic work, National Research Council, Can- 
ada; and Captain William Bergman, Royal 
Swedish Air Force, Sweden. 


News Nores 


F. B. Jewerr addressed the Army Industrial 
College in Washington on January 17 on the 
subject The Communication Industry in the 
United States. On February 1, also in Washington, 
he addressed the American Patent Law Associa- 
tion, his subject being The Relation of Research 
and Invention to Economic Conditions. 

R. W. Kine attended the annual convention 
of the American Engineering Council, held in 
Washington from January 12 to 14. Dr. Jewett 
also attended the annual dinner held in connec- 
tion with this convention. 

O. E. Buck ey attended the Operating Vice- 
Presidents’ Conference held in New York City 
from January 17 to I9. 

On January 10 a direct radio-telephone cir- 
cuit between Montreal, Canada, and St. John’s, 
Newfoundland, was placed in operation. Through 
Montreal, it links all Bell and Bell-connecting 
telephones with the principal cities of New- 
foundland. 

Durine January and February several mem- 
bers of the Laboratories were in San Francisco 
in connection with the Golden Gate Inter- 
national Exposition which opened on February 
18. Among them were John Mills, S. S. A. 
Watkins, J. C. Steinberg, F. A. Coles and R. D. 
Ehrbar. 

THE ADJUSTMENT of universal-type keys was 
studied by D. T. May, C. H. Wheeler, G. A. 
Ritchie and G. P. Tromp at Kearny. Mr. 
Wheeler, with W. W. Heffner and W. B. Heffner 
of the Western Electric Company, visited Ware 
and Easton, Massachusetts, to study the per- 
formance of these keys in No. 12 switchboards. 

E. Montcuyk and J. T. Butrerrie_p visited 
the Waverly Office in Newark to study sequence 
switch maintenance. 

C. NEtson visited Pittsburgh in con- 
nection with an investigation of contact noise in 
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panel ofices. Mr. Nelson 
also made a trip to Phila- 
delphia to prepare for a con- 
tact noise study to be jointly 
undertaken there by the 
American Telephone and 
Telegraph Company and the 
Laboratories. 

PROBLEMS OF FILTER and 
network design were dis- 
cussed by W. A. Bischoff, 
E. B. Payne, H. Whittle and 
W.R. Lundry at Kearny. 

ConFERENCES AT Haw- 
THORNE held during the week 
of January 16 on crossbar 
apparatus and other related 
switching problems were at- 
tended by R. L. Jones, A. F. 
Dixon, H. A. Frederick, T. E. 
Shea, J. R. Townsend, H. O. 
Siegmund, E. D. Mead and 
R. G. Watling. Other mem- 
bers of the Laboratories who 
also made trips to Hawthorne 
included M. C. Wooley who 
discussed condenser development problems; J. J. 
Kuhn, various problems on coin collectors, com- 
bined sets and tools; J. H. Sailliard, step-by-step 
apparatus; W. C. Jones and J. R. Erickson, 
replacement of obsolete transmission measuring 
instruments; E. E. Schumacher, metallurgical 
problems; A. F. Bennett, handset and other tele- 
phone instrument problems; J. T. Motter, un- 
attended dial-office equipment; and J. F. Bald- 
win, plugs, jacks and keys. 

J. F. Morrison took part in the second annual 
broadcast engineering conference sponsored by 
the Department of Electrical Engineering of 
Ohio State University and held from February 
6 to 17. He lectured on Practical Aspects of 
Radiation Systems and Transmission Lines. 

A. H. Miter visited the plant of the Bethle- 
hem Shipbuilding Corporation in Quincy, Massa- 
chusetts, during the past month. 

H. M. Owenporr, at the Bureau of Standards 
in Washington during January, discussed matters 
pertaining to audiometer calibrations. 

H. H. Guenn and R. T. Sraptes visited Point 
Breeze on cord development problems. 

C. H. AMapon presented a paper, Recent Ob- 
servations on the Relation Between Penetration, 
Infection and Decay in Creosoted Southern Pine 
Poles in Line, before the annual convention of 
the American Wood-Preservers’ Association held 
in Washington. Among those who attended this 
convention were R. H. Colley, J. G. Segelken 
and G. Q. Lumsden. 

R. H. Cottey visited the plants of the Norfolk 
Creosoting Company in Norfolk, Virginia, and 
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Martin WHITE 
of the Plant Department com- 
pleted thirty years of service 
in the Bell System on the 
fourth of February 


J. F.C. 
of the Systems Development 
Department completed thirty 
years of service in the Bell 
System on February 10 


of the Atlantic Creosoting Company in Ports- 
mouth, Virginia, to observe current treatment of 
creosoted southern pine poles. 

S. C. MILLER was in St. Louis and Oklahoma 
City from February 5 to 10 in connection with 
the lashing method for supporting aerial cables. 

J. Crastree spoke before the Rochester sec- 
tion of the Optical Society of America on Feb- 
ruary 7. He described the high-speed motion 
picture camera developed by the Laboratories 
and discussed its use in the development of 
telephone apparatus. 

EXPERIMENTAL TRIALS of special telephone- 
booth floors installed in the Long Island area of 
the New York Telephone Company were in- 
spected by E. W. Niles, F. A. Kuntz and I. L. 
Hopkins together with L. La Rock of the New 
York Company. 

R. L. Extiotr of the Northern Electric Com- 
pany visited the Laboratories to discuss combined 
set problems. 

R. B. Knorn and H. S. Pace of Hawthorne 
conferred with members of the Laboratories on 
matters pertaining to crossbar and panel ap- 
paratus, respectively. 

As part of the Out-of-Hour course on Manu- 
facturing Methods for the present term, a series 
of talks by representatives of the Western 
Electric Company have been arranged. These 
include Milling, Drilling and Tapping, by W. C 
Mueller; Fabrication of Coils by ¥. E. Henderson, 
and Tolerances by R. B. Knoth. 

SpEcIAL TESTS on cable sheath that are being 
carried on at Chester were continued during 
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January by J. P. Guerard, I. V. Williams and 
W. E. Ingerson. Mr. Williams also attended a 
meeting of the A.S.T.M. committee on steel that 
was held in Philadelphia. 

R. A. CHEGWIDDEN lectured on Magnetic Ma- 
terials before members of the Coil Department 
at Kearny. At a later date he also discussed 
magnetic materials with engineers there. 

J. R. Townsenp spoke on High-Speed Motion 
Pictures and Their Application to Telephone 
Apparatus Problems before the Detroit section 
of the A.I.E.E., and before the Long Lines De- 
partment of the A. T. & T. He also spoke on 
Fatigue and Its Relation to Mechanical and 
Metallurgical Properties of Metal before the 
Buffalo chapter of the American Society for 
Metals. 

Harvey FLetcHer gave his demonstration 
lecture on Auditory Patterns before a meeting in 
Cincinnati on January 12. This was a joint 
meeting of the Cincinnati sections of the A.I.E.E. 
and I.R.E., the Student Branch of the A.I.E.E. 
at Cincinnati University and the Sigma Xi 
chapter at the University. 

THE January issuE of The Fournal of the 
Acoustical Society of America contained two 
articles by members of the Laboratories. They 
were Exploration of Pressure Field Around the 
Human Head During Speech, by H. K. Dunn 
and D. W. Farnsworth, and 4 Tubular Directional 
Microphone, by W. P. Mason and R. N. Marshall. 

B. L. Crarke presented his demonstration 
lecture on Chemistry and the Telephone before the 
Memphis section of the A.I.E.E. on January 9, 
before the joint sections of the American Chemi- 
cal Society, A.I.E.E., A.S.M.E. and A.S.C.E. 
at Sheffield, Alabama, on January 12, and before 
the Detroit, Midland, Lansing and Ann Arbor 
sections of the American Chemical Society on 
January 16, 17, 18 and 19, respectively. 

AT THE JANUARY 23 meeting of the Physics 
Colloquium of Brown University, W. P. Mason 
spoke on Piezoelectric Crystal Cuts and Their 
Uses in Filters and Oscillators. 

W. A. SHEwWHaRT attended a joint meeting of 
the Econometric Society and the American 
Statistical Association in Detroit, before which he 
spoke on The Importance of Some Statistical 
Characteristics of a Standard of Quality. While in 
Detroit, he also spoke on The Future of Statistics 
in Mass Production at a luncheon meeting of the 
Institute of Mathematical Statistics. 

R. N. MarsHA.t was in Washington to assist 
at the installation of the public address system 
in the House of Representatives. 

H. G. Artt and G. H. Downes visited Pitts- 
burgh to investigate apparatus problems involved 
in several community dial offices. 

C. V. LunpBerc spoke on History and Chem- 
istry of Rubber before the New York University 
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Student chapter of the American Institute of 
Chemical Engineers. 

L. J. Sivian and R. L. Hanson presented q 
paper entitled The Bearing of Acoustical Research 
on House Building, before the Yale-Life Con. 
ference on House-Building Techniques, held an 
January 31 and February 1 at the School of the 
Kine Arts of Yale University at New Haven. 

L. P. Ferris discussed The Effect of Electric 
Shock on Heart Action at the regular meeting of 
the Radio Colloquium held at the Deal radio 
laboratory on February 3. 

AN ARTICLE entitled The True Temperature 
Scale of an Oxide-Coated Filament, by C. ¥, 
Prescott, Jr., and James Morrison, was published 
in the January issue of The Review of Scientific 
Instruments. 

W. L. Roru made a trip to Toledo and South 
Bend to work with the Western Electric Com. 
pany on the preliminary preparation for trial 
installation of type-K carrier pilot channel. 

J. H. Sore discussed power machine design 
with various manufacturers in Pittsburgh, Fort 
Wayne, Cleveland and Schenectady. 

H. T. Lancaseer checked power plant opera- 
tion at Cleveland and Detroit. 

D. E. Trucksess visited Lynn, Massachusetts, 
Salisbury and Charlotte, North Carolina, and 
Frankfort, Kentucky, on studies of regulated 
rectifiers. 

F. T. Meyer visited the Detroit Edison Com- 
pany to discuss microcopying and subsequent 
reproduction of drawings. He also visited Haw- 
thorne to discuss reproduction of drawings and 
tracings. 

SEVERAL OF THE TYPE-K carrier repeater sta- 
tions between New York and Princeton were in- 
spected by A. D. Knowlton, O. H. Loynes and 
A. J. Wier. They were accompanied by A. M. 
Laird of Standard Telephones and Cables who 
is spending some time at the Laboratories. 

J. G. Watsu and R. R. Swain spent a few 
days in Cleveland and Akron observing the opera- 
tion of intertoll dialing circuits. 

W. J. SHackeE Ton, at Pittsburgh, attended a 
meeting of the A.S.T.M. committee on Specifica- 
tions for Testing Magnetic Materials. He then 
visited the Western Electric Company at Haw- 
thorne where he discussed development and 
manufacturing problems of condensers for 
central-office and subscriber-station use. 

D. Rosertson, at Dallas, is observing the per- 
formance of a new echo-suppressor, designed for 
application at the terminals of circuits rather 
than at an intermediate point. W. E. Regan 
and H. S. Winbigler are observing at the New 
York end. En route to Dallas Mr. Robertson 
stopped at Cumberland, West Virginia, where he 
observed the trial of a new signaling circuit for 
the type-G carrier telephone system. 
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THE OPERATION of the 100A regulator, which 
is used in the type-K system, was observed by 
rf. A. Brooks, C. W. Van Duyne and H. C. 
Cramer at Princeton. 

Ar Totepo, B. P. Hamilton, L. C. Roberts, 
H. G. Jordan and H. A. Wenk, with representa- 
tives of the Long Lines Department, participated 
in type-K carrier-telephone switching tests 
under the condition where voice-frequency carrier 
telegraph is operating over the channels. 

M. E. SrrieBy, on January 30, delivered a 
lecture, Some Aspects of the Television Trans- 
mission Problem, before engineers of the Long 
Lines Engineering Department. He discussed 
factors bearing on the characteristics of television 
signals and the influence of these characteristics 
on the requirements for transmission systems. 
Progress in the development of transmission 
systems was traced and some items of related 
equipment were shown. 

H. Kaui and J. L. Linpner have been making 
interaction crosstalk tests on the type-J carrier- 
telephone circuits at the Holbrook, Arizona, 
repeater station. 

E. S. Witcox is making crosstalk tests on six- 
inch spaced open-wire pairs on a special test 
section of line near Fort Worth, Texas. 

M. T. Dow and W. E. Rerp are in Amarillo, 


SomE BELL SysTEM 


MEMBERS OF THE LABORATORIES will be inter- 
ested in an outline of personnel policy given by 
Vice-President Cooper of A. T. & T. before the 
U.S. Senate committee which is studying profit- 
sharing systems and considering the advisability of 
the Federal Government’s encouraging profit shar- 
ing by using the taxing power. Mr. Cooper said: 

“We believe firmly in paying good wages and 
in providing good working conditions—first, be- 
cause we consider that efficient workers are 
entitled to them, and second, because it is good 
business to do these things. This policy is not 
new but has been in effect for a long period of 
years. It was reiterated by Mr. Gifford in his 
annual report for 1933 where he said: 

““This country is entitled in good times and 
bad to the best possible telephone service at the 
lowest possible cost. The success of the American 
Telephone and Telegraph Company and _ its 
Associated Companies must be measured by 
that standard and depends on giving at all times, 
day and night, dependable, accurate and speedy 
telephone service, constantly improved and ex- 
tended in scope by research and invention, at a 
cost to the users as low as efficient operation can 
make it, consistent with fair treatment of 
employees and such return to the stockholders as 
will insure the financial safety of the enterprise.’ 
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Texas, in connection with dust static tests on 
open-wire lines. 

BROAD-BAND TESTS being made on special 
open-wire arrangements were observed at Phoe- 
nixville by A. G. Chapman, R. P. Booth, J. 
Mallett and R. N. Hunter. 

R. A. DELLER was in Boston on January 10 
and 11 where he discussed matters of mutual 
interest with members of the faculties at Harvard 
and M.I.T. He spent January 12 at Orono, 
Maine, where he gave a talk before a group of 
engineering faculty and students on the subject 
Engineering as a Career as part of the Vocations 
Week Program at the University of Maine. 

THE ANNUAL MEETING of the Greater New 
York Safety Council, held at the Hotel Commo- 
dore on January 11, was attended by J. S. 
Edwards, W. W. Schormann and L. E. Coon. 

THE LABORATORIES were represented in inter- 
ference proceedings at the Patent Office by J. W. 
Schmied before the Court of Customs and Patent 
Appeals and by R. J. Guenther before the 
Primary Examiner. 

J. E. Cassipy and E. B. Cave were at the 
Patent Office in Washington during January in 
connection with routine patent matters. 

B. H. Jackson appeared before the Board of 
Appeals at the Patent Office. 


PERSONNEL POLICIES 


“This does not mean that our companies do 
nothing more for the employees than to pay good 
wages and provide good working conditions. On 
the contrary, we have long endeavored to aid 
them in meeting the vicissitudes of life and have 
helped them to save for themselves against the 
rainy day. 

“At the beginning of this year the average 
annual earnings of our employees was 17 per cent 
higher than in 1929 due to higher wages, a more 
experienced force and lower proportion of em- 
ployees in training. Hours of work have been 
reduced from 48 and 44 per week to 40 and wages 
have been increased. Substantially all employees 
are now receiving as much or more pay for 40 
hours per week as they formerly received for the 
longer week. Vacations with pay are given to all 
employees. They also receive pay for holidays. 
Vocational and supervisory training is provided 
to develop knowledge and skill for effective 
performance, thus helping the employee to in- 
crease his usefulness and prepare for advance- 
ment. It is the general policy and practice of the 
companies to make promotions and fill super- 
visory positions from within the organization. 

“Most workers strive to earn enough to live in 
comfort, educate their children, provide for 
emergencies, such as sickness and accident, and 
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to care for old age. To assist the employees in 
mitigating the common hazards of sickness, 
accident, disability, superannuation and death, 
our companies established in 1913, more than 
twenty-five years ago, a plan for pensions, and 
sickness, disability and death benefits. The plan 
is non-contributory. Next to good wages and 
favorable working conditions, nothing in our 
employment is valued more highly by the em- 
ployees nor contributes more to the giving of 
good telephone service than the Benefit and 
Pension Plan. 

“The sickness and disability benefits aid in 
stabilizing employee income and the death 
benefits aid the dependents in necessary adjust- 
ment of living arrangements. The provision for 
pensions permits the retirement of all employees 
who have been long in the business and have 
reached an advanced age. 

“Expenditures under this plan are charged 
directly to Expenses on a pay-as-you-go basis 
except for pensions. Pensions are provided for 
in advance by accruing on an actuarial basis 
through current expenses and payment to 
Pension Trust Funds from which pensions are 
paid. On September 30th these trust funds (each 
company has, of course, its own separate fund) 
aggregated $185,866,000. 

“In addition to the payments made regularly 
for benefits under the plan, special payments are 
made in case of need or emergency. Many of the 
companies maintain Medical Departments to aid 
employees in prevention of sickness and pro- 
motion of health. These departments have 
sponsored First Aid Training courses for men 
and Health courses for women. Seventy-five 
thousand employees, mostly men, have completed 
First Aid Training courses and 60,000, mostly 
women, hold certificates of completed Health 
courses. Both courses were prepared in coépera- 
tion with the American Red Cross. They have 
helped the System to establish an enviable 
record of accident prevention and have con- 
tributed to the good health of the personnel. 
The public has benefited directly from the First 
Aid Training through considerable emergency 
assistance by telephone men to victims of 
accidents. 

“The expenses of Bell System Companies for 
all of these activities and benefits, exclusive of 
social security taxes and not including payments 
for vacations and holidays, are annually about 
$25,000,000, or about 6 per cent of the payroll. 
Social security taxes are $13,800,000 or an 
additional 3 per cent of the payroll. 

“We believe in helping employees to provide 
for themselves according to their individual 
ability and need and have established thrift 
programs for voluntary use by them through 
payroll deductions. Under these plans 17,000 
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employees are buying U. S. Savings Bonds 
63,000 are paying premiums regularly on their 
life insurance and 60,000 are making deposits of 
savings regularly in savings banks or credit 
unions. Of course, these figures represent only a 
part of the picture. Many are home owners and 
many others have savings accounts, insurance 
and investments which they have accumulated 
directly rather than through payroll deductions, 

“About 65,000 employees of Bell System Com- 
panies are now stockholders in the American 
Telephone and Telegraph Company and hold 
approximately 820,000 shares of stock, an 
average of 121% shares each. 

“Over the years, there has been constant im- 
provement in income, better working conditions 
and shorter hours for telephone employees. The 
public has received more and better service for 
its money. Telephone workers generally are 
keenly interested in the success of the business 
and not only appreciate the importance of good 
service, but have a sincere desire to do the best 
job they can for the public. It is impossible to 
determine the extent to which this spirit of sery- 
ice has been strengthened by the System’s plans 
for greater employee security and peace of mind 
or by the workers’ voluntary participation in 
plans for their self-protection and advancement. 
Certainly both management and_ employees 
would be most reluctant to risk the impairment 
of this spirit of service through any withdrawal 
or curtailment of this program. 

“We do not believe that profit sharing beyond 
that herein stated is applicable to our business. 
It is the policy of the System that earnings over 
and above those required to provide good wages, 
favorable working conditions and such returns 
to investors as will insure financial safety should 
be shared with our customers. We believe firmly 
that this is the only sound policy for us (a regu- 
lated business) to follow for the long pull, and, 
of course, there is no justification for acting 
other than for the long pull. 

“I do not want to be understood as advocating 
the abolition of profit sharing in those cases 
where it has been found satisfactory and helpful 
to both employees and the employer. My view is 
that for industry as a whole, profit sharing as a 
national policy would not be helpful. It would 
not tend to smooth out the peaks and valleys of 
booms and depressions, but would tend to 
exaggerate them. Our national policy should be 
aimed at smoothing things out. 

“Similarly, it is my belief that the principle of 
‘Incentive Taxation’ is unsound as a national 
policy. All taxes are restrictive, but they must 
be levied to provide for the expenses of govern- 
ment. I believe that to influence the course of 
business by either penalties or incentives so far as 
taxes are concerned is unwise.” 
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Crossbar Trunking 


By L. E. KITTREDGE 


Local Central Office Facilities 


HE basic switching element of 
the crossbar system is the 
individual vertical unit of the 
crossbar switch.* This unit consists 
of ten sets of contacts, and gives an 
incoming circuit connected to the 
vertical multiple access to ten out- 
going paths. Any one set of contacts is 
closed by the operation of one of ten 
select magnets and of the hold magnet 
individual to the particular vertical 
unit. Since a single group of select 
magnets serves all the vertical units 
of an entire crossbar switch, these 
magnets cannot be put under the con- 
trol of a single vertical unit, and so a 
control circuit common to at least all 
the units of a crossbar switch is 
necessary. Actually, a single control 
circuit guides the selection of all the 
units of one or more entire frames of 
crossbar switches. The many novel 
features of the crossbar system arise to 
a large extent from this use of common 
controller circuits. 

The completion of an ordinary local 
call may be divided into three sets of 
operations. With the manual system, 
to take the simplest case, an operator 
first finds the jack of the calling line 
and plugs into it to get the number 
wanted. She then finds the jack of an 
idle trunk to the office called, and re- 
peats the number wanted to the B 
operator there. As the final step, this 
B operator finds and plugs into the 
jack of the line called. 

In the panel system these steps are 
first the connection of the line to a 
~ *REcorp, July, 1937, p- 338. 
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sender, then the selection of an out- 
going trunk, and finally the finding of 
the called line. At each stage the 
various selectors must hunt—in one 
or more steps—over groups of termi- 
nals to find an idle path to the next 
stage. In an extremely simplified 
form, the panel trunking scheme could 
be represented as shown in Figure 1, 
where the three sets of operations are 
indicated by enclosing dotted lines. 
Each calling line has a number of the 
A selectors that can serve it, and the 
first selection is the choosing of an 
idle one. Once chosen, this selector 
hunts for and makes a connection to 
the calling line, and at the same time 
the B selector hunts for and connects 


STAGE |! STAGE 2 STAGE 3 
— rr) (oll 
SUB- | UB- 
SCRIBER} ISCRIBER 
LINES B Ii IN 
000000 H 


Fig. 1—Simplified representation of trunk- 
ing in the panel system 


to an idle sender. This completes the 
first set of operations. After the 
sender has received the office code, 
the c selector on the district frame 
hunts for an idle trunk to an office 
frame, where the D selector hunts for 
an idle trunk to the office called— 
thus completing the second set of 
operations. At the office called, in a 
somewhat similar manner, the E and 
F selectors hunt successively for idle 
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paths—the FE selector on the incoming 
frame for an idle path to the final 
frame, and the F selector, on the final 
frame, for the line called. 

It should be noted particularly that 
the A selector is chosen without know- 
ing whether or not an idle sender is 
available to it. Likewise the c selec- 
tion is made without knowing that 


SUBSCRIBER LINES 
F----4 


is available for connecting these two 
circuits. This procedure is then re. 
peated for stage 3, and only after idle 
paths are found is the talking path 
established. 

In previous dial systems the va- 
rious selections, both within and be- 
tween the three major stages, are 
made one after the other in direct 
sequence from the call- 
ing to the called sub- 


INCOMING | scriber. In the crossbar 
hand, the selection of 
| LINE | | the talking path is 
| FRAME | | guided by three com- 
| | | | mon controller circuits, 
| TERMINATING | VSENDER | one for each of the 
J major stages. These 
STAGE 3 STAGE | STAGE 2 


Fig. 2—Schematic of crossbar system showing the major 


switching frames 


the D selector can find an idle trunk; 
and the E selection is made without 
knowing whether or not the F selector 
will find the line idle. 

In contrast with this method, 
which to a large extent would apply 
also to either the manual or the step- 
by-step system, the crossbar system 
makes sure that an idle outgoing 
channel is available before it seeks 
for an idle channel through the cross- 
bar switches of each stage. At the 
first stage the line-frame controller 
circuit, when a call is placed, first 
tests for the calling line and then for 
an idle district junctor that has an 
idle sender available. Having located 
these two suitable end points, it pro- 
ceeds to find an idle path between 
them through the crossbar switches. 
Another controller circuit for stage 2 
finds the chosen district junctor, an 
idle trunk to the desired office, and 
then determines an idle path through 
the crossbar switches of stage 2 that 
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circuits first locate the 
required incoming and 
outgoing circuits for 
that stage, and then 
find an available path through the 
crossbar switches comprising that 
stage. An additional controller is em- 
ployed in stages 1 and 3 for guiding 
the selection of an idle sender, two of 
which are usually employed instead 
of one as with the panel system. 
There are four main types of 
switching frames in the talking path 
of the crossbar system: the line link, 
the district link, the office link, and 
the incoming link. The line-link frame, 
however, serves both for originating 
and for terminating calls, and thus 
functionally may be considered as 
two frames, and in addition there are 
two sender link frames. The first 
stage employs the originating half of a 
line link and originating sender link; 
the second stage employs the district 
and office links; and the third stage 
employs the incoming link, and the 
terminating half of a line link and in 
addition a terminating sender link for 
connection to a terminating sender. 
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These three stages may be subdivided 
to indicate the various frames as 
shown in Figure 2. A call from any 
subscriber’s station may go to another 
station in that same office or to one 
in a different office, but in either 
event it passes through an incoming 
frame and a line frame. Stage 3 of 
Figure 2, therefore, might be in the 
same Office as stages I and 2, or ina 
different one. This diagram also shows 
the terminating sender as well as the 
originating sender. 

The selections in stage I are ac- 
complished by the line-link and sender- 
link controller circuits. For the second 
stage selections, the originating marker 
is used, while the third stage uses a 
terminating marker. A 


connection with stage 1, shown in 
Figure 3, where only a single frame of 
crossbar switches is employed in the 
talking path. Each line has a choice 
of ten paths, because of the ten-point 
vertical unit, and each of these paths, 
through the secondary switch, may be 
connected to any one of a group of 
ten district junctors. If the first path 
were chosen blindly, with the knowl- 
edge only that that path was not in use, 
further choice would be limited to 
only ten district junctors—the selec- 
tion at each step being over a rela- 
tively inefficient group of ten. 

It will be noted, however, that each 
of the horizontal circuits of any one 
primary switch runs to a different 


. SUBSCRIBER LINE DISTRICT 
sender-link controller LINES JUNCTORS JUNCTORS 
is also used to attach a 
terminating sender. —_ LINCOMING | || JUNCTOR AND 

As already noted, FRAMES 

common controller cir- 

cuits are employed in- 

stead of a_ selecting 

mechanism in the indi- --------- AWS ‘ 
vidual switching unit | | 
of the crossbar switch. 
A panel selector has 
access to 500 terminals, 
and thus inherently 
has the ability of hunt- 
ing over large groups. 
With the crossbar unit, 
having only ten 
choices, the group 
would have to be very 
small, and thus inefhi- 
cient, were it not for 
the selecting scheme 
adopted, which per- | 
mits paths through 
several crossbar | 1 
switches to be tested 4 

PRIMARY LINE LINK FRAME SECONDARY 


simultaneously. 
This scheme can be 
most readily seen in 
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(SERVES 100 TO 700 LINES 
DEPENDING ON TRAFFIC) 


(HAS ACCESS TO 100 DISTRICT 
JUNCTORS AND 100 LINE JUNCTORS) 


Fig. 3—Trunking scheme of the line-link frame 
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secondary switch in the same frame, 
and that each secondary switch has 
access to a group of ten district 
junctors. Each line, therefore, really 
has access to a hundred district 
junctors if, before a path is chosen at 
the primary switch, it is determined 
that idle districts will be available by 
way of that path at the secondary. 
This is what the line-group controller 
circuit does. Before it selects an idle 
line link, it determines which of them 
have idle district junctors available. 
It even goes further and determines 
that an idle sender is available to 
these junctors. The primary selection 
is then made so as to connect only a 
line link running to a group of district 
junctors some of which are idle and 
have senders available. 

The controller circuit must also test 
for the particular line calling, to en- 
able it to know which hold magnet to 
operate when the time comes for 
closing the circuit through. The group 
of district junctors selected tells it 
the proper select magnets on both 
primary and secondary switches to 
close. The particular junctor in the 
group, and thus the proper hold mag- 
net on the secondary switch, is selected 
by the sender-link controller circuit, 
which also selects an idle sender. 

The arrangement of stage two, in- 
cluding the district and office frames, 
is shown in Figure 4. Each frame has 
its primary and secondary switches as 
before. The district links are con- 
nected to the verticals of the district 
primary switches, and since there are 
twenty vertical units, there are twenty 
district links per switch, or 200 per 
frame. These district links, however, 
terminate on the horizontal multiple 
of the secondary switches, and since 
there are only ten of these horizontal 
circuits per switch, the secondary 
switch is split vertically so that every 
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link from the primary may have an 
independent termination on the sec. 
ondary. The primary switch of the 
office frame is similarly split, and thus 
there are 200 district links, office 
junctors, and office links per frame. 
After recording the office code, the 
first work of the originating marker, 
which is the common controller for 
the talking circuit of this stage, is to 
test the trunks running to the office 
called and to select an idle one. These 
outgoing trunks are divided between 
the switches of two office frames, and 
thus the selection of a trunk deter- 
mines the particular frame, and the 
particular switch in that frame, that 
will serve as the outgoing end-point 
for this switching stage. The marker 
also determines the district junctor 
that has been selected, and thus 
knows also the incoming end-point to 
stage 2. Its task is then to find an idle 
path between these two points—indi- 
cated on the diagram by heavier lines. 
The district links leaving each 
primary switch of the district frame 
are divided equally among the secon- 
dary switches of the same frame, one 
link going to each of the halves of each 
secondary switch. The office junctors, 
leaving the district secondaries, do 
not all go to one office frame but are 
divided equally among the various 
office frames. The number of junctors 
between any two frames will depend 
on the number of frames employed, 
since it is determined by dividing the 
200 junctors from any one district 
secondary by the number of office 
frames. Since there are never more 
than 20 office frames, there are never 
less than ten paths between any one 
district and any one office frame. This 
is the arrangement shown in Figure 
4—all the other verticals of the 
district secondaries are connected to 
junctors running to other office frames. 
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The office links are connected in the 
same way as the district links. While 
there are twenty links between pri- 
mary and secondary switches of the 
district and office frames, it will be 
noted that half of them run to half- 
section secondaries that do not have 
junctors to the frame to which con- 
nection is to be made. Between any 
one district junctor and any one out- 
going trunk, therefore, there are just 
ten paths for the arrangement shown 
—each consisting of two links to- 
gether with one junctor. 

To be available for use, each of the 
three sections of any one path must 
be idle. Since they all may be used by 
other calls in other combinations, 
however, it is necessary for the marker 


DISTRICT LINK FRAME 
PRIMARY pistrict SECONDARY 
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JUNCTORS 


to test each link of a path before the 
route is chosen. This is done by using 
what is functionally a three-winding 
relay for testing each path. If any one 
of the three links of a path is busy, the 
relay will operate, thereby indicating 
a busy path. Only the relays of idle 
paths remain unoperated, and the 
lowest numbered unoperated one is 
selected. 

The switching arrangement for the 
third stage, including the incoming 
frame and the incoming half of the 
line frame, is shown in Figure 5. It 
is very similar to that of the second 
stage, except that the line frame 
secondaries to which the line junctors 
run have each only ten verticals 
available instead of twenty as with 
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Fig. 4—Trunking scheme for the district and office link frames 
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the office links, because the other ten 
verticals of each secondary are used 
for originating calls. There are at 
least ten paths between any incoming 
trunk and any particular line, how- 
ever, and the testing procedure is 
essentially the same. 

The number of frames of the va- 
rious types depends to a large extent 
on the busy-hour calling rate for the 
ofice—that is, the number of calls 
placed per line during the busy hour— 
and on the average duration of the 
calls. A unit known as the CCS, 
standing for 100 call-seconds, is used 
as the criterion. Thus 500 calls each 


INCOMING LINK FRAME 


LINE 


lasting 120 seconds would give 600 
CCS. The CCS during the busy hour 
is the determining factor, and for 
each office is a more or less definite 
figure. Each type of frame also has its 
capacity rated in CCS, and the num- 
bers of each type of frame except the 
incoming may be roughly determined 
by dividing the total busy-hour CCS 
for the office by the CCS capacity of 
that particular frame. The number of 
incoming frames is determined by the 
number of incoming trunks, and these 
frames are frequently worked at less 
than their maximum capacity. 

The capacity of the iine frame is 
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Fig. s—Trunking scheme for the incoming-link frame and the incoming side of the 
line-link frame 
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only about half that of the incoming 
frame, and since, moreover, the line 
frame is used for both incoming and 
originating calls, its capacity in the 
incoming direction is only about one- 
quarter that of the incoming. To meet 
this situation there are about four 
times as many line frames as incom- 
ings, and since there are 200 termina- 
tions for line junctors on each in- 
coming frame and 100 terminations 
on each line frame, each line junctor 
is multipled to two line frames, so 
that four line-link frames will accom- 
modate 200 line junctors. Each line- 


link frame will serve from about 150 
to nearly 700 lines, and additional 
primary switches are added to obtain 
a sufficient number of line termina- 
tions for the required number of lines. 
The capacity of 100 district junctors is 
about five times the originating-call 
capacity of the line frames, and since 
both district and line frames have 
terminations for the same number of 
district junctors, a five-fold multipling 
is required. The capacity of the dis- 
trict and office frames is about the 
same, and consequently there is 
usually the same number of each. 


HonorING INDUSTRIAL RESEARCH 


“For vision and leadership in science” 
reads the award which accompanies the 
John Fritz Medal bestowed on Dr. Frank 
B. Jewett, president of the Bell Tele- 
phone Laboratories. The “leadership” in 
question is different from that which we 
usually associate with engineering. At the 
outset Dr. Jewett saw to it that funda- 
mental theory was attacked—that the 
scientists under his direction were not 
limited to solutions of purely commercial 
problems. The mechanism of hearing 
and speaking was studied with the result 
that a new world was opened to philol- 
ogists, laryngologists and otologists. In 
a word, scientific investigations were con- 
ducted that should have been undertaken 
in the laboratories of medical schools. 
Out of this work have come more efficient 
telephones and loudspeakers, electric 
boons to aid the deaf and enable those 
who have lost their larynxes through 
surgical operation to talk. 

When men of Dr. Jewett’s type resigned 
their professional chairs thirty years ago 


to direct industrial laboratories a shudder 
ran through the universities. “Pure” 
science was sullying itself. Now the in- 
dustrial laboratories have taken the lead 
in many a branch of theoretical physics 
and chemistry, and professors yearn for 
the equipment, the assistance and the 
free hand that far-seeing groups of 
directors give their research staffs. From 
corporations in turn laboratory directors 
have learned the benefits that follow 
planning, organization and competent 
direction. Universities still tend to cherish 
the illusion that industrial research is 
impossible without regimentation—time- 
clock punching, military discipline, an 
eye for the main chance. They have a 
lesson to learn from organizations of the 
type that Dr. Jewett has built up—the 
lesson that group research is not only as 
free and pleasant as that conducted by 
lone investigators in more sacred pre- 
cincts but even more exciting because of 
the scale on which it is undertaken. 
—Editorial in the New York Times. 
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A New Telegraph Transmission 
Measuring Set 


By R. B. HEARN 
Telegraph Development 


ACH teletypewriter character 

is transmitted by a combina- 

tion of marking and spacing 
pulses of various lengths, totaling 
seven and one-half units. The number 
of transitions in a character—from 
marking to spacing or vice versa— 
varies from two to six for different 
characters; and the quality of the 
signal depends on the correct timing 
of the transition points with respect 
to the beginning of the first pulse of a 
character. The first transition re- 
leases the latch on any receiving tele- 
typewriter in the circuit, and the 
selecting mechanism at once begins to 
rotate. If subsequent transitions occur 
much too early or too late, a wrong 
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character is selected by the receiving 
machine. There is a certain allowable 
deviation of the transitions from 
perfect timing, but the larger the 
deviation, the nearer is the circuit to 
failure. As part of the maintenance of 
telegraph circuits it is necessary to 
measure the timing of the pulses, and 
new equipment, known as the 118 
telegraph measuring set, has recently 
been developed for this purpose along 
the lines of an original set designed 
by F. A. Cowan of the Long Lines 
Department of the American Tele- 
phone and Telegraph Company. 
The set is arranged for convenient 
use on working teletypewriter circuits 
by means of the usual cord and plug. 
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It may be connected directly at tele- 
graph boards without affecting the 
operation of the telegraph circuit, and 
direct indications of the distortion of 
the signals are given by two meters, 
one indicating the maximum deviation 
of any transition point, and the other, 
the average deviation. The major 
part of the equipment is mounted in 
an open-faced cabinet, which may be 
installed in any convenient place in 
the office. An installation in New York 
City is shown in Figure 1. The two 
meters, however, together with a few 
operating keys and jacks for con- 
necting to the measuring equipment, 
are mounted on a small panel as 
shown in the photograph on page 201 
as well as on the main equipment. 
These panels are mounted at con- 
venient places on the telegraph test 
board, and as many as ten may be 
associated with a single 118-type 
equipment. Each of these test-board 
units includes a busy lamp to indicate 
when the set is in use by some other 
position, and under this condition 
the jack is “locked out” so that no 
connection is made to the test circuit 
even though a plug is inserted. The 
jack also keeps the connected circuit 
closed, so that operation of the circuit 
under test will not be affected. 

The input jacks of the test set are 
connected to the winding of a polar 
relay, which operates at each transi- 
tion of the signal. The armature of 
this relay connects positive or nega- 
tive battery, depending on which way 
it is operated, to three other polar 
relays, all of which operate simul- 
taneously to one contact or the other, 
depending on the polarity applied 
to their winding. One of these relays 
releases the latch of a distributor 
when the start pulse is received. 
Other transitions operate this relay, 
but once the distributor has started, 
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the relay can have no further effect 
on it until one revolution has been 
completed and it has stopped ready 
for the start of the next character. 
The contacts of the other two relays 
operate the timing system. These are 
known as the c and p relays, and 
their contacts are connected in the 
timing circuit as shown in Figure 2. 

This latter circuit includes two 
condensers, E and F, which are con- 


oe 
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Fig. 1—Three 118A telegraph measuring 
equipments installed in the Long Lines 
building in New York City 
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nected to a constant-current charging 
circuit during alternate pulses of each 
character. With a constant charging 
current, the voltage across either 
condenser is directly proportional to 
the time during which it has been 
charged. At the next transition fol- 
lowing its charge period, the con- 
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Fig. 2—Simplified schematic of the timing 
circuit 


denser is connected to the indicating 
circuit in series with a reference 
battery. If the pulse has been of 
exactly the right length, the voltage 
of the condenser will be the same as 
that of the battery, and no current 
will flow in the indicating circuit. If 
the pulse has been too long or too 
short, however, the voltage of the 
condenser will be above or below that 
of the battery, and a current will flow 
into the indicating circuit in one 
direction or the other to indicate the 
deviation. 

In Figure 2, the position of the 
distributor and of the relay armatures 
are those corresponding to the idle 
period before the beginning of a char- 
acter. Relays c and D are not shown, 
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but their armatures and two con. 
tacts, 4 and §, are indicated. The 
“spacing”’ contact is No. 5 and the 
“marking” contact—on which the 
armatures rest before the beginning 
of a character—is No. 4. Under these 
conditions, condenser FE is connected 
to the constant-current supply and is 
charged. It is held at a constant po- 
tential equal to that of the reference 
battery, however, by a potentiometer, 
shown in Figure 5, which is con- 
nected to it through the stop seg- 
ment of the distributor. Condenser 
F is also held at this same potential 
by a connection to the reference 
battery through RI. 

When the start pulse occurs, which 
is always “spacing,” both relays move 
to the No. 5 contacts. This connects 
condenser E to the indicating circuit 
through the reference battery, but 
since it is already at that potential, no 
current flows. Condenser F, on the 
other hand, is connected to the charg- 
ing circuit and held momentarily at 
reference potential by the potenti- 
ometer. Since the start pulse has re- 
leased the distributor the brush now 
passes beyond the segment connected 
to the potentiometer, and the next 
segment, since it is connected to 
ground, discharges the condenser. 
Shortly after, the ground is removed 
by the rotation of the brush, and the 
condenser starts to charge at a con- 
stant rate. 

If there were no further pulse 
transitions, the condenser would 
charge for the period of one segment 
of the distributor, then be discharged 
by the shorter segment, only about 
one-third as long, and then charged 
again for the next segment, and so on 
until the distributor completed one 
revolution and stopped. The transi- 
tions between pulses, if correctly 
timed, always occur at the midpoint 
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of a non-grounded distributor seg- 
ment. At this point the condenser 
will be charged to just the potential 
of the reference battery, so that when 
it is transferred to the indicating 
circuit no current will flow in the 
meter. If the transition occurs too 
early the condenser will not be fully 
charged and a pulse proportional to 
the lack of charge will flow through 
the meter. Had the transition oc- 
curred too late, the condenser would 
have been over-charged, and a pulse 
in the reverse direction would have 
flowed through the meter. The 
condenser follows an exactly similar 
cycle, only separated in time from the 

Fr condenser so that it is connected to 
the charging circuit when the F con- 
denser is connected to the indicating 
circuit and vice versa—the two con- 
densers timing alternate transitions. 

The sequence of operations during 
the transmission of the letter ‘“‘y”’ is 
shown in Figure 3. The bottom fine of 
this illustration represents the seven 
grounded and seven ungrounded seg- 
ments of the distributor, while the 
line immediately above it indicates 
the pulses for the letter “‘y” sent in the 


correct time relation with the com- 
mutator. Condenser F, to consider it 
first, remains at reference potential 
until the first grounded segment dis- 
charges it. It then starts to charge, 
and if the first transition occurs 
exactly in the middle of section 2— 
which is the correct timing and the 
way indicated—it will be transferred 
to the indicating meter when its po- 
tential is exactly at reference value. 
Had the transition occurred later, the 
charge would have continued as indi- 
cated by the dotted line. 

At the next transition, F is trans- 
ferred to the charging circuit, and 
since the brush has moved away from 
the potentiometer segment, charging 
continues until the grounded segment 
is reached, when another identical 
cycle begins. Exactly similar cycles 
are passed through by condenser F, 
but the first discharge begins with 
grounded segment 2 instead of I. 
There is no transition at the center of 
segment 7 for the letter “‘y.”’ This is 
the point for the transition to the stop 
pulse, which is always “marking,” 
and since with the letter ‘“‘y” the pre- 
ceding pulse was marking, yew is no 
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Fig. 3—Graphic representation of the 118 measuring set 
March 1939 


227 


transition that requires to be timed. 

The pulses from condensers E and F 
pass to the peak voltmeter through 
the reference battery; the circuit is 
shown in Figure 4. Pulses of either 
direction flow to the rectifier tubes a 
and B, and cause pulses of current to 
flow to condenser D. The potential on 
the condenser, in turn, biases the 
vacuum tube Gc, and results in an un- 
balance of the bridge circuit that 
causes a current to flow in the indi- 
cating meter. The charge on the con- 
denser is accumulative, and thus 
builds up as larger pulses, caused by 
greater deviations from correct tim- 
ing, flow to it. Later smaller pulses 
do not affect it, but each larger one 
adds its excess to the charge. As a 
result the meter always indicates the 
largest error up to the observed time. 
A reset key permits the condenser to 
be discharged to initiate another set 
of readings. 

Pulses from condensers E and F, 
Figure 2, flow to the peak voltmeter 
through a circuit comprising RI, R2, 
and the bias meter. The pulse from £, 
for example, divides at ‘‘a,” part 
passing through r2 and part through 
the bias meter and rt. The imped- 
ance of the bias meter with its shunt is 
small compared to RI and R2 so that 

approximately the same current flows 
in each branch. The occurrence of 
these pulses isin sucha rapid sequence, 


compared with the natural period of 
the meter, that the latter exerts an 
averaging influence, indicating the 
average value of the errors. 
Constant current for charging the 
condensers and the voltage of the 
potentiometer which holds the charge 
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Fig. s—Constant-current supply circuit 
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on the £ condenser at a fixed value 
during the idle period are obtained 
from the circuit shown in Figure 5. 
The plate current of tube A remains 
nearly constant over a wide range of 
plate voltage, but, to secure the proper 
value of current, one of the grids of 
the tube is biased by a potentiometer 
in the plate circuit and acts as a 
regulating grid to maintain a con- 
stant output. This current remains 

at the same value un- 


der all conditions. 
When the potentiom- 
eter is connected the 
current divides be- 
tween it and the con- 
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denser; and when the 
drop across the poten- 
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tiometer is equal to the 


Fig. 4—Simplified schematic of the indicating circuit 
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reference voltage all the 
current flows through 
the potentiometer. 
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This new testing equipment is 
available in two forms: one is the 
118A1 shown in Figure 1, which is 
arranged for permanent 
in an office, and the other the 118B1, 
which is designed to be packed in 
trunks and shipped around to the 
smaller offices where a permanent 
installation is not required. There are 
a number of types of teletypewriter 
circuits, but ordinarily measurements 
are made on loops carrying 60 milli- 


amperes in the marking condition and 
zero Current in the spacing. The input 
relay of this new testing equipment is 
designed for this type of circuit. The 
set may also be used on a polar 
circuit, where approximately thirty 
mils negative and positive current is 
used, by operating a polar key, one of 
which is furnished at each test-board 
position. Where measurements on 
other types of circuits are required a 
small appliqué circuit is added. 
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FREQUENCY IN KILOCYCLES PER SECOND 


How closely a system as installed will meet predicted characteristics is 
always a matter of considerable interest. In the case of the type-K carrier 
systems recently installed between New York and Charlotte, North Carolina, 
the results were particularly gratifying. Some six months before the installation 
an estimate was made of the overall net transmission characteristics of the 627 
miles of cable and the 38 repeaters. It is shown by the dotted curve above, while 
the corresponding measurements made at the completion of the installation 
are shown by the solid line. The two curves agree to within 0.4 db. Only by 
detailed engineering analysis and careful manufacturing control can the pre- 
dicted and obtained overall characteristics be held to such precise agreement. 
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New Test Set For IDENTIFYING "TELEPHONE WIREs 


To provide a more compact and 
less expensive test set than that 
previously used by plant men in 
tracing wires between a cable ter- 
minal and a subscriber’s premises, 
and wires inside a building, a new 
test set has been developed. It con- 
sists of a buzzer, condenser and bat- 
tery, mounted in a case of the flash- 
light type. In use, two of the binding 
posts of the set are connected to the 


wires to be traced at some point such 
as a subscriber’s station. The several 
wires at the distant point, where 
identification is desired, are then 
tested with a hand test set to deter- 
mine which wires carry the test tone. 
The set provides also a means for 
checking the direct-current continuity 
of wire groups. The new test set 
supplements other tone test sets al- 
ready standard in the Bell System. 
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His work has been chiefly concerned with 
the application of the methods of physical 
chemistry to chemical analysis, and in- 
cludes studies of acidity, conductivity, 
micro-gas analysis and spectroscopy. For 
several years he was associated with Dr. 
R. R. Williams in the study of the chemi- 
cal structure of vitamin B,. He is now in 
charge of spectrochemical analysis and is 
engaged in a chemical study of the oxide- 
coated filament. 

A. J. AIKEns received the B.S. degree 
in Electrical Engineering from the Uni- 
versity of Nevada in 1920. He spent some 
six years with The Pacific Telephone and 
Telegraph Company, and in 1928 trans- 
ferred to the Development and Research 
Department of the American Telephone 
and Telegraph Company, coming to the 
Laboratories with that organization in 
the 1934 consolidation. Since joining the 
A. T. & T., he has been principally en- 
gaged in investigating noise and crosstalk 
problems with carrier systems for both 
cables and open-wire lines. 
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in 1929 after ten years’ experience in the 
development of plastics and methods of 
molding them outside the Bell System. 
Since then he has been continuously asso- 


ciated with investigations of moldin 
materials and design of molded products 
in the Materials Standards group of the 
Apparatus Development Department. 
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EXCERPTS FROM THE ANNUAL REPORT OF THE 


AMERICAN ‘TELEPHONE AND [TELEGRAPH COMPANY 


Research and development in the Bell Tele- 
phone Laboratories have been carried on with- 
out diminution. During the year, many note- 
worthy investigations designed to improve, 
extend or lessen the cost of providing tele- 
phone service have been brought to the stage 
of practical applicability. 

In local service, experience in the operation 
of the two installations of the new “crossbar” 
system of machine switching mentioned in 
previous Reports has been so satisfactory 
that the system has been standardized for 
future use in the large city districts where 
“panel” switching has heretofore been the 
best available. Shipment of equipment to 
provide for 23,000 subscribers’ lines was made 
in 1938 and equipment for 165,000 lines is 
scheduled for 1939. 

In the field of transmission, broad-band 
systems by which a large number of telephone 
channels can be provided over a single circuit 
have proven their ability to meet exacting 
service requirements and are now going into 
extensive commercial use. Research work on 
the laboratory experimental coaxial cable and 
its equipment between New York and Phila- 
delphia has been pushed vigorously with the 
result that the first commercial trial instal- 
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lation, viz., a 200-mile cable between Stevens 
Point, Wisconsin, and Minneapolis, is now 
being engineered. 

Improvements in transmission are grounded 
in improvements in transmitters, receivers 
and other parts of subscribers’ equipment and 
in the improved transmitting characteristics 
of circuits. The almost instantaneous estab- 
lishment of any telephone connection, which 
has come about in the past few years, would 
be impossible were it not for improvement in 
the reliable functioning of switching and 
control devices—many of them entirely new— 
and in the development of efficient and 
economical transmission channels. 

All these and numerous other major factors, 
however, would not be sufficient to give the 
people of the United States the kind of 
service they have at the price they pay for it, 
were they not reinforced by a very great 
number of other physical things all directed 
to the maintenance of reliable operation, to 
the elimination of extraneous interferences, 
and to long life. 

These are the things the Bell Telephone 
Laboratories is maintained to do in addition 
to pioneering the use of the new things of 
science in the field of communication. 
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